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E-mail address: jvdheijden@antonius.net (J. Van der Heyden).of 2%. Severe carotid artery disease has been associatedwith
a fourfold increased risk of perioperative stroke after
CABG.1e4 It is well recognized that there are a number of
potential etiologies for perioperative stroke in the cardiac
surgical patient, including embolization of atherosclerotic
debris or thrombus from the aortic cannulation site, air
embolus, dislodgement of a left ventricular thrombus, aortic
dissection, low cardiac output, and intracerebral disease, in
addition to significant extracranial carotid artery disease.5e7
While clinically significant carotid disease may be respon-
sible for only a part of perioperative strokes in this patient
population, it remains the one etiology that can be identified
preoperatively and noninvasively and can be prevented by
timely intervention.8
In a recently published systematic review by Naylor
et al., favourable clinical outcome without any stroke in
patients with carotid and coronary artery disease under-
going isolated CABG have been described.9e12 However,
this data represents a fraction of data compared to the vast
amount of previous information demonstrating a high
stroke incidence (9.2e11.5%) in isolated CABG, and also
describe different patient populations (OFF and ON pump
bypass surgery).9e14
Nevertheless, this information provides indirect proof
and does not clarify the true etiology of stroke caused by
significant carotid stenosis during cardiac surgery.
Cerebral Hemodynamics and Measurements
Normally, vasodilation of cerebral arteries allows the brain to
tolerate a mild to moderate reduction of cerebral perfusion
pressure. Inpatientswith significantcerebrovasculardisease,
maximal autoregulatory vasodilation is already compensating
for chronic circulatory insufficiency. In addition, “poor”
cerebral collateral flow, defined by an impaired Circle of
Willis, (visualized through absent cross-filling on selective
carotid angiogramordampened, lowvelocitymiddle cerebral
artery velocity spectra on transcranial Doppler) contributes
to the reduced hemodynamic response during cardiopulmo-
nary bypass causing cerebral hypoperfusion. Atheroemboli-
zation does play a role in the origin of perioperative stroke in
patients undergoing cardiac surgery. However, it seems likely
that the effects of atheroembolic particles are influenced by
the presence of perfusion deficits.15 These essential findings
implicate carotid stenosis as having a pivotal role in the
multifactorial etiology of stroke after coronary bypass.
In one of the few randomized trials, Gold et al. assigned
124 patients to a low mean arterial pressure group
(50e60 mm Hg) and 124 patients to a high mean arterial
pressure group (80e100 mm Hg) during cardiopulmonary
bypass. Those in the high pressure group had fewer
combined cardiac and neurological complications (4.8%
versus 13%) and fewer strokes (2.4% versus 7.2%).16 Caplan
and Hennerici have suggested that decreased flow may
result in reduced washout of microembolic materials from
the brain, and that the watershed areas are particularly
susceptible to this combination.15 This latter hypothesis
thus brings together two of the putative underlying mech-
anisms for vascular damage during CABG, suggesting that
microembolism in the context of hypoperfusion may be
associated with greater risk of ischemic injury.
694 J. Van der Heyden, H.W. PlokkerUsing single photon emission computed tomography
(SPECT) with acetazolamide to predict the risk of hemo-
dynamic stroke in patients with extracranial artery disease,
Kuroda et al. demonstrated that cerebral blood flow
changes in response to changes in blood pressure.17
Consequently, asymptomatic patients with reduced cere-
bral perfusion pressure and impaired reactivity to acet-
azolamide have been shown to have higher risk for
ipsilateral ischemic stroke. Such patients, even when
asymptomatic, may tolerate perioperative reductions in
cardiac output or blood pressure poorly, with increased risk
of cerebral infarction.
Nakamura et al. described reduced cerebral perfusion
reserve in 11 of 40 patients with significant carotid disease,
of whom 7 underwent prophylactic cerebrovascular inter-
ventions (in the remaining 4 patients prophylactic interven-
tion was technically impossible).11 Follow-up SPECT studies
confirmed improvement of cerebral perfusion reserve in all 7
patients, none of whom sustained a perioperative stroke. In
29 of these 40 patients normal cerebral perfusion on SPECT
was visualized and no ipsilateral periprocedural stroke was
reported. In our opinion, the data of the latter group (29/40)
demonstrating normal cerebral perfusion, could therefore
not be brought forward as evidence for isolated CABG, as
previously advocated by Naylor et al.
In our own experience with CT perfusion technique,18
more specifically measuring the mean transit time, signifi-
cant improvement in cerebral perfusion after carotid
stenting in asymptomatic patients awaiting cardiac surgery
was observed. This suggests a compromised cerebral
circulation due to carotid stenosis, is reversible with
carotid intervention.
Future Neurological Protection
It has been shown by Gaudino et al. that surgical treatment
of severe monolateral asymptomatic carotid artery stenosis
in patients at the time of CABG confers substantial neuro-
logical protection in the years after surgery.19 In fact,
during the follow-up periods, the incidence of neurological
events (stroke and transient ischemic attack) was signifi-
cantly higher in the non-revascularized group. The fact that
a different etiology of the event (cardioembolic, hyper-
tensive) was not evident at the time of hospital admission
in any of these cases strongly argues in favour of a carotid
origin of the strokes. In addition, the need for subsequent
carotid endarterectomy and, even more importantly, the
asymptomatic progression to carotid occlusion, occurred
with a concerning high frequency in the group of patients
submitted to isolated CABG.
Clinical Perspective
The importance of hemodynamic factors in the pathogenesis
and treatment of ischemic cerebrovascular disease in
patients undergoing cardiac surgery is a matter of ongoing
debate. Stratifying patients based on the degree of carotid
stenosis fails to differentiate those with reduced cerebral
perfusion pressure from those with non-compromised cere-
bral hemodynamics. Moreover, it seems hazardous to use the
degree of carotid stenosis to decide whether a patient maybe at increased risk for stroke on hemodynamic grounds.
This implies that the choice of medical therapy or revascu-
larization should not be based on these considerations only.
It has been established that the effect of carotid stenosis
on cerebral circulation could be more accurately assessed
by analysis of arteriographic circulation patterns, depicting
the adequacy of collateral circulatory pathways and
patterns.20 Noninvasive measurements of cerebral perfu-
sion, such as SPECTwith acetazolamide or CTP, may become
a valuable method to predict the risk of hemodynamic
stroke in patients with significant carotid disease scheduled
for cardiac surgery and guide clinicians to the judicious use
of prophylactic cerebrovascular interventions.
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E-mail address: jbricco2@mac.com (J.-B. Ricco).surgery. Drs. Van der Heyden and Plokker argue that carotid
stenoses are a major causative factor in these strokes, and
although admittedly not the only factor, the only one that
can be identified preoperatively and treated. They point to
the dual additive effects of cerebral hypoperfusion and
atheroemboli and suggest that cerebral atheroemboli,
whether they originate from the carotid stenosis or not, are
made more dangerous by the cerebral hypoperfusion that is
a result of the ipsilateral carotid stenosis and can be
exacerbated by intraoperative hypotension. Consequently,
they argue that carotid stenoses have a pivotal role in the
etiology of perioperative stroke after coronary bypass and
should be intervened upon.
On the other hand, Drs. Castaldo and Li make their
counterargument and try to shed light on what they refer to
as “assumptions”. First of all they point out that the
simultaneous presentation of significant carotid stenoses
and coronary artery disease is not as common as we thought
and, in fact, only a minority of patients who do suffer
a perioperative stroke will have a significant carotid
stenosis. They also point out that the majority of these
strokes are not in the carotid artery distribution and that
many of them are multiple and bilateral. In addition they
claim that there is little evidence to support the cerebral
hypoperfusion hypothesis either preoperatively with an
asymptomatic carotid stenosis or intraoperatively when
cerebral perfusion is often noted to increase, rather than
decrease. As a result they feel that in the vast majority of
cases of coronary revascularization, carotid endarterec-
tomy for a significant stenosis is not protective and
unnecessary outside of a few exceptions. They do agree
that endarterectomy may me indicated in symptomatic
stenoses and bilateral >80% stenoses. Accordingly, it is
important to first differentiate between symptomatic and
asymptomatic patients when trying to determine the
optimum management strategy.1 It would certainly be hard
to criticize anyone who offered synchronous or staged
carotid endarterectomy/stenting to a symptomatic patient
in the current era of intervening as soon as possible after
the neurological event.2
Generally, asymptomatic carotid artery stenoses are
increasingly felt to be best managed nonoperatively
with medical management and risk factor modification.
Drs. Castaldo and Li make a fairly convincing argument that
this is the most prudent form of action when considering
coronary revascularization surgery as well. Outside of
a selected few scenarios in symptomatic patients, it
appears that simultaneous carotid endarterectomy
offers little protection against perioperative stroke after
coronary surgery and in most cases, although arguably safe,
is unnecessary.
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